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(57) In achieving miniaturization and a large scale 
integration of a transistor, the operating speed can be 
increased by effectively suppressing a short channel ef- 
fect, and reducing the capacitance between a drain or 
a source and a gate. A method of manufacturing a 
trench gate type field effect transistor comprises forming 
an impurity layer (9). which is to be a source or a drain, 
in a semiconductor substrate (1 ), forming a first trench 



(20) in this semiconductor substrate (1), forming a side 
wall (21) made of an insulating material on a side wall 
of the first trench (20), forming a second trench (22) in 
a bottom surface of the first trench with the side wall (21 ) 
as a mask, forming a gate insulating film (5) on a bottom 
surface of the second trench (22), and forming a gate 
(G) so as to fill the second trench (22) and the first trench 
(20). 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a trench gate 
type field effect transistor which accommodates minia- 
turization and is capable of suppressing short channel 
effect. 

BACKGROUND ART 

[0002] MOS type LSIs using a silicon substrate are 
currently in a phase where LSIs with 0.18-u.m design 
rules (design criteria) are shifting into mass production, 
but further improvements are demanded in the degree 
of integration through miniaturization, and LSIs of 
0.13-|xm to 0.10-nm design rules are under develop- 
ment. Higher operating speed and lower power con- 
sumption are also demanded of these LSIs. 
[0003] When an LSI is miniaturized to make the de- 
gree of integration larger in scale, suppressing the short 
channel effect becomes an extremely important issue in 
suppressing deviations in the performance of individual 
transistors. Thus, in MOS type field effect transistors al- 
ready put to practical use in which a gate is formed on 
a semiconductor substrate, and a source and a drain 
are formed in a self-aligned manner with respect to the 
gate, optimization of the impurity concentration, shape 
of the source and the drain, and the well impurity profile 
of a channel area, and the like is achieved. Further, at 
an end of the source or the drain, forming an impurity 
area, commonly referred to as a Halo or a pocket, of an 
opposite conductivity type by way of methods such as 
oblique ion implantation or the like to suppress the short 
channel effect is being attempted. However, because 
the optimization of multiple parameters requires enor- 
mous efforts, it is said that development and mass pro- 
duction thereof requires a significant period of time. Al- 
so, it cannot be said that the short channel effect is suf- 
ficiently suppressed either. 

[0004] In addition, in miniaturized transistors of post- 
0.1 -ujn design rules, it is difficult to achieve transistor 
performance which is in accord with the trend for mini- 
aturization, and the adopting of a new material is need- 
ed. For example, in transistors of post-0.1 -urn design 
rules, since a gate insulating film is equivalent to 2 nm 
or below of a silicon oxide film and becomes a direct 
tunnel current area of the silicon oxide film, adopting a 
high dielectric constant insulating film to replace the sil- 
icon oxide film as the gate insulating film is becoming 
necessary. 

[0005] In addition, when a gate Is formed of conven- 
tional polysilicon, because depletion occurs in the gate 
itself, and becomes an impediment to improvements in 
the performance of the transistor, adopting a metal ma- 
terial such as Tin or Mo as the material for forming the 
gate is being needed. However, because such metal 
materials cannot withstand the heat treatment during 



the formation of a source and a drain in the conventional 
method of manufacturing a transistor in which the 
source and the drain are formed in a self-aligned man- 
ner with respect to a gate, the adoption of the conven- 

5 tional transistor manufacturing method is precluded. 
[0006] As such, as a transistor forming technique for 
forming the gate with a metal material, a so-called da- 
mascene gate transistor is proposed. 
[0007] Fig. 8A to Fig. 81 are explanatory views of the 

io steps of a method of manufacturing an n-type transistor 
1 00X with the damascene gate method. 
[000B] In this method, first, element separators 2 are 
formed In a p-type silicon substrate 1, and a through- 
film 3 comprising Si0 2 or the like is further formed (Fig. 

15 8 A). A well 4 and a adjusting layer (not shown) are 
each formed by performing ion implantation through the 
through-film 3 (Fig. 8B). Next, after the through-film 3 is 
removed, a gate insulating film 5 of approximately 3 to 
5 nm is formed through a thermal oxidation at 1000°C 

20 for approximately 30 minutes, and a polysilicon 6 of ap- 
proximately 500 nm in thickness, which becomes a 
dummy gate, is deposited thereon through low-pressure 
CVD or the like (Fig. 8C). Thereafter, lithography tech- 
nology and etching technology are used to form a gate 

25 pattern (dummy gate) 6' of a desired design rule. Then 
with this gate pattern 6' as a mask, impurities such as 
arsenic, which become an extended source 7a and an 
extended drain 7b, are implanted at 1 0 keV and approx- 
imately 1 x 10 15 cm' 2 as per the arrows (Fig. 8D). Next, 

30 an Si0 2 film is deposited by a normal CVD method and 
by forming a side wall 8 through anisotropic etching and 
performing ion implantation again, approximately 3 x 
10 15 cm -2 of arsenic, which forms an impurity layer 
which is to become a source S and a drain D, is intro- 

35 duced at 30 keV (Fig. 8E). 

[0009] Next, to form a pocket (Halo) 1 0 for suppress- 
ing the short channel effect, a p-type impurity such as 
arsenic is Ion-implanted at an angle of 1 0° to 30° with 
respect to the normal to the substrate surface at 20 kev 

40 and approximately 1 x 1 0 13 cm* 2 (Fig. BF). Then, to ac- 
tivate the impurities introduced into the substrate 1 up 
to this point, annealing is performed at 900°C for ap- 
proximately 30 minutes in an electric furnace, or at 
1 050° C for approximately 1 0 seconds by a rapid heating 

^5 method. 

[0010] Thereafter, an interlayer insulating film 11 of 
SI0 2 or the like Is deposited by the CVD method. Next, 
the interlayer insulating film 1 1 is polished through CMP 
until the dummy gate 6' is exposed, and further, the dum- 
50 my gate 6' is removed through etching to form a trench 
12 (Fig. 8G). 

[001 1 ] A metal 1 3 which is to become a real gate G is 
embedded in the trench 1 2 through a sputtering method 
or the CVD method, planarization is performed again 
55 through CMP (Fig. 8H) : and lead electrodes 14 of the 
source and the drain are formed (Fig. 81) to obtain the 
transistor 1 00X. Fig. 9 is a top view of the transistor 1 00X 
obtained in this manner. 
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[0012] It should be noted that, in the formation of a 
transistor by this damascene gate method, to enhance 
the reliability of the gate insulating film 5, instead of 
forming the gate insulating film 5 before the formation 
of the dummy gate 6', it is preferabl that it be formed 
through thermal oxidation after the dummy gate 6' is re- 
moved. In addition, when a high dielectric constant in- 
sulating film is formed as the gate insulating film 5, it is 
preferable that a high dielectric constant insulating film 
of Zr0 2 , Al 2 0 3 or the like be formed through the sput- 
tering method or the CVD method in the trench 12 after 
the dummy gate 6' is removed. 
[0013] By performing the formation of the gate insu- 
lating film comprising a high dielectric constant insulat- 
ing film or the formation of the gate comprising a metal 
materia! after the annealing for activating the impurities, 
changes in the properties of the high dielectric constant 
insulating film or the gate due to the heat during anneal- 
ing, or the reacting of the high dielectric constant insu- 
lating film or the gate with the upper or lower layer can 
be suppressed to a minimum. Therefore, by forming the 
gate insulating film with a high dielectric constant insu- 
lating film having a thick film thickness, direct tunnel cur- 
rents, which become a problem when the gate insulating 
film is formed with a silicon oxide film, may be prevented. 
In addition, by forming the gate with a metal material, 
depletion in the gate, which becomes a problem when 
the gate is formed with polysilicon, may be prevented. 
[0014] However, even with the damascene method, 
the short channel effect cannot be reduced as much as 
or more than is done in transistors of a conventional 
structure. Also, while the number of masks required in 
forming a transistor with this method does not differ from 
that in the conventional transistor manufacturing meth- 
od in which the source and the drain are formed in a 
self-aligned manner with respect to the gate, there is a 
problem in that the number of steps increases due to 
the formation and the removal of the dummy gate. 
[0015] To this end, a trench gate type transistor is pro- 
posed in order to suppress the short channel effect. Fig. 
10A to Fig. 10G are explanatory diagrams of the steps 
of a method of manufacturing a trench gate type tran- 
sistor 100Y. 

[0016] In this method, element separators 2 such as 
shallow trenches are formed in a p-type silicon substrate 
1, and a through-film 3 comprising Si0 2 or the like is 
formed. Ions are Implanted as per the arrows through 
the through-film 3 to individually form a well and a V^ 
well 4 (Fig. 10A). 

[0017] Next, phosphorus, arsenic or the like, which 
are n-type impurities, is ion-implanted as per the arrows 
at 50 keV and approximately 3 x 10 15 cm* 2 to form an 
impurity layer 9 which is to configure a source S and a 
drain D (Fig. 10B). In addition, to form an impurity layer 
7 which is to configure an extended source 7a and an 
extended drain 7b, an n-type impurity of approximately 
1 x 10 15 cm" 2 is implanted at an energy slightly higher 
than that for the ion implantation to form the impurity 



layer 9 which configures the source S and the drain D 
(Fig. 10C). Then, to activate the impurities introduced 
into the substrate 1 up to this point, annealing is per- 
formed at 900°C for approximately 30 minutes in an 

5 electric furnace, or at 1 050°C for approximately 1 0 sec- 
onds by the rapid heating method. 
[001 8] Next, an interlayer insulating film 1 1 of Si0 2 or 
the like is deposited with the CVD method. Subsequent- 
ly, lithography technology and dry etching technology 

10 are used to form a trench 15, which is to configure a 
gate, down to the end of the impurity layer 9, which is to 
configure the source and the drain or up to several ten 
nanometers deeper than the end (Fig. 10D). 
[001 9] Then, a gate insulating film 5 of approximately 

15 3 to 5 nm is grown on the bottom surface and the side 
surface of the trench 15 through thermal oxidation at 
1000°C for approximately 30 minutes (Fig. 10E), and 
into this trench 15, polysilicon/tungsten silicide or a met- 
al 13 such as TIN or Mo, which becomes a metal gate, 

20 is filled with the CVD method or the sputtering method 
(Fig.lOF). 

[0020] Finally, lead electrodes 1 4 of the source S and 
the drain D are formed, and the trench gate type tran- 
sistor 1 00Y is obtained (Fig. 1 0G). Fig. 1 1 is a top view 

25 of this trench gate type transistor 1 0OY 

[0021 ] In the structure of this trench gate type transis- 
tor, since the distance between the source S and the 
drain D is longer than the gate length, and the source S 
does not directly face the drain D, the short channel ef- 

30 feet is less likely to occur. Also, since the short channel 
effect is not produced even when the source S and the 
drain D are thickly formed, by forming them thickly, re- 
ductions in the resistances of the source S and the drain 
D and a reduction in the leakage from the latter forma- 

35 tion of the silicide can be achieved. In addition, the 
trench gate type transistor has the advantage that it can 
be manufactured with fewer steps as compared with the 
conventional transistor in which the source and the drain 
are formed in a self-aligned manner with respect to the 

40 gate. 

[0022] In a trench gate type transistor, however, as 
shown in Fig. 11 , because the gate G faces the source 
S, the extended source 7a, the drain D, and the extend- 
ed drain 7b over a wide area via the extremely thin gate 
45 insulating film 5, there arises a problem in that the ca- 
pacitance between the drain D or the source S and the 
gate G is significantly larger as compared to the da- 
mascene gate transistor 1 00X shown in Fig. 8A to Fig. 
81. 

so [0023] In addition, the effective gate length of a trench 
gate type transistor tends to be longer than the design 
rules defined by the lithography resolving power. Forth Is 
reason, trench gate type transistors are not suitable for 
the object of achieving an operating speed of ultra high 

55 speed. 

[0024] As opposed to conventional MOS or MIS tran- 
sistors described above, the object of the present inven- 
tion is, in order to achieve miniaturization and large- 
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scale integration of field effect transistors, to form a gate 
with a metal material, andto be able to accommodate 
the formation of a gate insulating film with a high dielec- 
tric constant insulator, and further, to be able to increase 
the operating speed by effectively suppressing the short 
channel effect and to reduce the capacitance between 
a drain or a source and the gate. 

DISCLOSURE OF THE INVENTION 

[0025] The present inventor has found that, in a struc- 
ture of a trench gate type field effect transistor suitable 
for the formation of a gate comprising a metal material 
or the formation of a gate insulating film comprising a 
high dielectric constant insulating film, when a side wall 
is formed in a trench into which a gate is to be embed- 
ded, while a second trench is formed in the bottom sur- 
face of that trench with the side wall as a mask, a gate 
insulating film is formed on the bottom surface of this 
second trench, and the gate is formed to fill these trench- 
es, because a source and a drain do not face each other 
and a long range can be secured therebetween, the 
short channel effect can be suppressed effectively, ultra 
miniaturization of the transistor becomes possible, fur- 
ther, since the capacitance between the source or the 
drain and the gate is greatly reduced by the side wall, 
the operating speed can be increased and the perform- 
ance of the transistor can be drawn out more effectively. 
[0026] More specifically, the present invention pro- 
vides atrench gate typefield effect transistor comprising 
a side wall comprising an insulating material and formed 
on a side wall of a first trench formed in a semiconductor 
substrate having an impurity layer, a gate insulating film 
provided on a bottom surface of a second trench formed 
in a bottom surface of the first trench, a gate formed so 
as to fill the first trench and the second trench, and a 
source and a drain formed with said impurity layer and 
which faces the gate through the side wall. 
[0027] In addition, the present invention provides, as 
a method of manufacturing such a trench gate type field 
effect transistor, a method of manufacturing a trench 
gate type field effect transistor characterized in that an 
impurity layer which becomes a source or a drain is 
formed in a semiconductor substrate, a first trench is 
formed in the semiconductor substrate, a side wall com- 
prising an insulating material is formed on a side wall of 
the first trench, a second trench is formed In a bottom 
surface of the first trench with the side wall as a mask, 
a gate insulating film is formed on a bottom surface of 
the second trench, and a gate is formed so as to fill the 
second trench and the first trench. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] 

Fig. 1Ato Fig. 1 Hare explanatory views of the steps 
of a method of manufacturing a transistor of an em- 



bodiment; 

Fig. 2A to Fig. 21 are explanatory views of the steps 
of a method of manufacturing a transistor of an em- 
bodiment; 

s Fig. 3A to Fig. 3 1 are explanatory views of the steps 
of a method of manufacturing a transistor of an em- 
bodiment; 

Fig. 4A to Fig. 4J are explanatory views of the steps 
of a method of manufacturing a transistor of an em- 
10 bodiment; 

Fig. 5A to Fig. 5D are explanatory views of the steps 
of a method of manufacturing a transistor of an em- 
bodiment; 

Fig. 6 is a sectional view of a transistor of an em- 
15 bodiment; 

Fig. 7A to Fig. 7 J are explanatory views of the steps 
of a method of manufacturing a transistor of an em- 
bodiment; 

Fig. 8A to Fig. 8 1 are explanatory views of the steps 
20 of a method of manufacturing a conventional da- 
mascene gate transistor; 

Fig. 9 is a top view of the conventional damascene 
gate transistor; 

Fig. 10A to Fig. 10G are explanatory views of the 
25 steps of a method of manufacturing a conventional 
trench gate type transistor; and 
Fig. 1 1 is a top view of the conventional trench gate 
type transistor. 

30 BEST MODE FOR CARRYING OUT THE INVENTION 

[0029] The present invention is hereinafter described 
in specific terms with reference to the drawings. In the 
respective drawings, the same reference numerals rep- 

35 resent the same or equivalent elements. 

[0030] Fig. 1 A to Fig. 1 H are explanatory views of the 
manufacturing steps in an embodiment of the present 
invention for forming an n-type trench gate type MOS 
(MIS) transistor with an effective gate length of approx- 

40 imately 0.1 pm. 

[0031 ] In the present embodiment, first, as in the man- 
ufacturing method for the conventional trench gate type 
transistor 1 00Y shown in Fig. 10Ato Fig. 10G, element 
separators 2 such as shallow trenches are formed in a 

45 p-type silicon substrate 1 at intervals of approximately 
0.34 u/n, a through-film 3 comprising Si0 2 or the like is 
further formed, and a well 4 and a V^ adjusting layer 
(not shown) are each formed by implanting ions through 
the through-film 3 (Fig. 1A). 

so [0032] Next, an impurity layer 9 is formed by ion im- 
planting phosphorus, arsenic or the like, which are n- 
type impurities, at a concentration of approximately 3 x 
10 15 cnr 2 with a depth of approximately 0.1 to 0.2 ujti 
in an area in which a source S and a drain D are to be 

55 formed (Fig. 1B). 

[0033] In addition, on the through-film 3, an interlayer 
insulating film 11 of approximately 0.2 to 0.3 urn com- 
prising Si0 2 or the like is deposited with the CVD meth- 
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od or the like, and annealing is performed thereon at 
900° C for approximately 30 minutes in an electric fur- 
nace, or at 1 050°C for approximately 1 0 seconds by a 
rapid heating method to activate the impurities implant- 
ed into the substrate 1 up to this point. Then, for exam- 5 
pie, with lithography technology using KrF laser or the 
like, a first trench 20 having awidth L1 of approximately 
0.18 u.m is formed in substantially the center between 
the element separators 2 to a depth penetrating the in- 
terlayer insulating film 11 and shallower than the end of 
the profile of the impurity layer 9 by several ten nanom- 
eters (Fig. 1C). 

[0034] Next, the CVD method is combined with ani- 
sotropic etching, and a side wall 21 comprising an insu- 
lating material such as Si0 2 is formed on the side wall 
of the first trench 20 with a thickness L2of approximately 
0.05 u,m, while at the same time the substrate 1 is ex- 
posed at the bottom surface of the first trench 20 (Fig. 
1D). 

[0035] With this side wall 21 as a mask, by performing 
selective etching on the substrate 1 exposed at the bot- 
tom surface of the first trench 20 using an etching gas 
such as HBr which etches silicon but does not etch sil- 
icon oxide films, a second trench 22 Is formed up to the 
depth of the end of the profile of the impurity layer 9 or 
up to a depth deeper than that end by several ten na- 
nometers (Fig. 1 E). 

[0036] Next, by thermally oxidizing the bottom surface 
of the second trench 22 in dry oxygen of 950°C, 20 min- 
utes, a gate insulating film 5 with a thickness of 2 to 3 
nm is formed, orthe CVD method, the sputtering method 
or the like is used to form a gate insulating film 5 com- 
prising a high dielectric constant insulating film on the 
bottom surface of the second trench 22 (Fig. 1 F). 
[0037] Then, a gate G is formed by filling the inside of 
the trench with a two- layered structure of polysilicon and 
tungsten silicide or, using the CVD method, the sputter 
method orthe like, with a metal 13 such as Tin or Mo, 
and is planarized through CMP orthe like (Fig. 1G). 
[0038] Finally, lead electrodes 1 4 of the source S and 
the drain D are formed, and atransistor 1 00A is obtained 
(Fig. 1H). 

[0039] With the transistor 100A thus obtained, since 
the gate G Is formed to protrude between the source S 
and the drain D into which impurities are introduced at 
a high concentration, the source S does not face the 
drain D, and a longer distance between the source S 
and the drain D can be secured as compared with the 
conventional trench gate type transistor. Therefore, the 
short channel effect can be suppressed effectively. Also, 
as compared with the conventional trench gate type 
transistor in which the insulating film between the source 
S or the drain D and the gate G is the gate insulating 
film 5 with a thickness of approximately 3 nm alone, ac- 
cording to this transistor 1 00A, because the side wall 21 
comprising a relatively thick insulating film is provided, 
the capacitance between the source S or the drain D 
and the gate G can be reduced to approximately one- 



8 

tenth or less. In addition, according to this method of 
manufacturing the transistor 100A, since the formation 
of the gate insulating film 5 and the gate G is performed 
after the thermal process for forming the source S and 
the drain D, direct tunnel currents can be prevented be- 
cause it becomes easier to adopt a high dielectric con- 
stant insulating film as the material for the gate insulat- 
ing film, while at the same time, degradation in the per- 
formance of the transistor due to depletion in the gate 
can be prevented because it becomes possible to form 
the gate with a metal. 

[0040] In addition, since the second trench 22 is 
formed In a self-aligned manner with the side wall 21 
with respect to the first trench 20, and a width L3 of the 
second trench 22 is formed narrower than the width L1 
of the first trench 20, the width L3 of the second trench 
22 is automatically formed with a width narrower than 
the lithography resolving power which defines the first 
trench 20. More specifically, for example, when the 
width L1 of the first trench 20 is made 0.1 8 u,m and the 
width L2 of the side wall 21 Is made 0.05 urn, the width 
L3 of the second trench 22 is formed at 0.08 um There- 
fore, according to the present invention, it is possible to 
form a miniaturized transistor with an extremely short 
gate length of 0.08 u.m or below, which is considered 
difficult even with KrF lithography or ArF lithography that 
are currently in practical use. 

[0041] Forthe trench gate type transistor 100 A shown 
in Fig. 1 A to Fig. 1 H, the short channel effect can further 
be suppressed by forming a second impurity layer of a 
conductivity type equivalent to the impurity layer 9, 
which forms the source and the drain, in a section of the 
substrate deeper than the impurity layer 9 at approxi- 
mately a fraction of the impurity concentration of the im- 
purity layer 9 to provide an extended source and an ex- 
tended drain. 

[0042] Fig. 2A to Fig. 2 1 are explanatory views of the 
manufacturing steps of a trench gate type MOS (MIS) 
transistor 1 00B in an embodiment of the present inven- 
tion in which such an extended source and an extended 
drain are provided. 

[0043] In this embodiment, much like the trench gate 
type transistor 100A shown in Fig. 1A to Fig. 1H, ele- 
ment separators 2, a through-film 3, a well 4, a V lh ad- 
justing layer (not shown) are each formed in a p-type 
silicon substrate (Fig. 2A). and phosphorus, arsenic or 
the like, which are n-type impurities, Is ion-Implanted at 
a concentration of approximately 3 x 10 15 cm -2 at a 
depth of approximately 0.1 to 0.2 nm in an area in which 
a source S and a drain D are to be formed to form an 
impurity layer 9 (Fig. 2B), 

[0044] Next, on the through-film 3, approximately 0.2 
to 0.3 ujn of an interlayer insulating film 11 of Si0 2 or 
the like is deposited with the CVD method or the like, 
and from thereabove, through, for example, lithography 
technology employing KrF laser or the like, a first trench 
20 having a width L1 of approximately 0.1 8 nm is formed 
In substantially the middle between the element sepa- 
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rators 2, penetrating the interlayer insulating film 1 1 and 
up to a depth shallower than the end of the profile of the 
impurity layer 9 by several ten nanometers (Fig. 2C). 
[0045] A through-film 23 comprising SI0 2 Is formed 
on the bottom surface and the side surfac s in the first 
trench 20 at a thickness of approximately several ten 
nanometers with a CVD method having good coverage. 
Next, the ion implantation method is again used to im- 
plant an impurity such as phosphorus or arsenic of the 
same conductivity type as the impurity layer 9 at a po- 
sition deeper than the impurity layer 9 in the substrate 
1 , for example at a depth of approximately 40 to 50 nm 
from the bottom surface of the first trench 20, at approx- 
imately a fraction of the impurity concentration of the im- 
purity layer 9. for example at approximately 1 x 10 15 
cm* 2 , to form a second impurity layer 7 which is to form 
the extended source and the extended drain (Fig. 2D). 
[0046] Annealing is performed thereon at 900°C for 
approximately 30 minutes in an electric furnace, or at 
1050°C for approximately 10 seconds through a rapid 
heating method to activate the impurities Implanted into 
the substrate 1 up to this point. 
[0047] Next, the CVD method is combined with ani- 
sotropic etching to form a side wall 21 comprising an 
insulating material such as Si0 2 at a thickness L2 of ap- 
proximately 0.05 nm on the side wall of the first trench 
20, and the substrate 1 is exposed at the bottom surface 
of the first trench 20 (Fig. 2E). 
[0048] By performing selective etching, with this side 
wall 21 as a mask, on the substrate 1 exposed at the 
bottom surface of the first trench 20, a second trench 22 
is formed up to the depth of the end of the profile of the 
second impurity layer 7 or a depth deeper than the end 
by approximately several nanometers (Fig. 2F). 
[0049] Next, by thermally oxidlzingthe bottom surface 
of the second trench 22 in dry oxygen of 950°C and ap- 
proximately 20 minutes, a gate insulating film 5 with a 
thickness of 2 to 3 nm is formed, or a gate insulating film 
5 comprising a high dielectric constant insulating film is 
formed on the bottom surface of the second trench 22 
using the CVD method, the sputtering method or the like 
(Fig.2G). 

[0050] Then , a gate G is formed by filling the inside of 
the trench with a two-layered structure of polysllicon and 
tungsten silicide or by filling it, using the CVD method, 
sputtering method or the like, with a metal 1 3 such as 
Tin or Mo, and is planarized through CMP or the like 
(Flg.2H). 

[0051] Finally, lead electrodes 14 of the source S and 
the drain D are formed, and the transistor 100B is ob- 
tained (Fig. 21). 

[0052] In the transistor 1 00B thus obtained, since the 
source S and the drain D having high impurity concen- 
trations are formed at positions shallower than the gate 
G, the distance between the source S and the drain D 
becomes even longer than that in the transistor 1 00A in 
Fig. 1 A to Fig. 1 H, and results in a structure in which the 
short channel effect Is further suppressed. Also, since 



the extended source 7a and the extended drain 7b are 
formed up to substantially the same depth as the gate 
G, the reduction in the current driving capability is sup- 
pressed to a minimum. 
5 [0053] Fig. 3A to Fig. 3 1 are explanatory views of the 
manufacturing steps for a trench gate type MOS (MIS) 
transistor 100C In an embodiment of the present Inven- 
tion which more effectively suppresses the short chan- 
nel effect by providing an opposite conductivity type im- 
purity layer (a so-called pocket or Halo) of a conductivity 
type opposite to an impurity layer, which forms a source 
or a drain, immediately below the source or the drain. 
[0054] In this embodiment, as in the trench gate type 
transistor 100A shown in Fig. 1A to Fig. 1H, element 
separators 2, a through-film 3, a well 4, a V^ adjusting 
layer (not shown) are each formed in a p-type silicon 
substrate 1 (Fig. 3A). Further, in order to form an impu- 
rity layer 9, phosphorus, arsenic or the like, which are 
n-type impurities, is ion-implanted in an area in which a 
source S and a drain D are to be formed at a concen- 
tration of approximately 3 x 1 0 15 cm" 2 at a depth of ap- 
proximately 0.1 to 0.2 u/n (Fig. 3B). 
[0055] Next, an impurity such as boron of a conduc- 
tivity type opposite to the impurity which forms the im- 
purity layer 9 is ion-implanted at a position deeper than 
the impurity layer 9 by approximately 20 to 30 nm at a 
concentration of approximately 1 x 10 13 cnr 2 , and an 
opposite conductivity type impurity layer 24 is formed 
(Fig. 3C). 

[0056] In addition, on the through-film 3, approximate- 
ly 0.2 to 0.3 nm of an interlayer insulating film 1 1 of Si0 2 
or the like is deposited with the CVD method or the like. 
Fromthereabove, for example, with lithography technol- 
ogy using KrF laser or the like, a first trench 20 having 
a width L1 of approximately 0.18 ujti is formed in sub- 
stantially the middle between the element separators 2, 
penetrating the interlayer insulating film 11, and down 
to the end of the profile of the impurity layer 9 or to a 
depth shallower than the end by several ten nanometers 
(Fig. 3D). A through-film 23 comprising Si0 2 is formed 
In a thickness of approximately several ten nanometers 
on the bottom surface and the side surfaces of the first 
trench 20 using a CVD method with a good coverage. 
[0057] Next, the ion implantation method is again 
used to implant an impurity such as phosphorus or ar- 
senic of the same conductivity type as the impurity layer 
9 at a depth of approximately 40 to 50 nm from the bot- 
tom surface of the first trench 20 at a concentration of 
approximately 1 x 1 0 15 cnr 2 , and a second impurity lay- 
er 7, which is to form an extended source and an ex- 
tended drain, is formed. Then, annealing is performed 
at 900°C for approximately 30 minutes In an electric fur- 
nace, or at 1050°C for approximately 10 seconds with 
a rapid heating method to activate the impurities im- 
planted In the substrate 1 up to this point. As a result, 
sections adjacent immediately below and to the left and 
right of the first trench 20 become n-type layers by hav- 
ing the impurities of the opposite conductivity type im- 
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purity layer 24 compensated electrically upon activation, 
and pockets 25 are formed only immediately below sec- 
tions in which the source S and the drain D are to be 
formed (Fig. 3E). 

[0058] Thereafter, a second trench 22 is formed in a 
manner similar to the trench gate type transistor 1 00B 
shown in Fig. 2A to Fig. 21 (Fig. 3F), a gate insulating 
film 5 is formed (Fig. 3G), the trench is filled to form a 
gate G (Fig. 3H) ( and lead electrodes 14 are formed to 
obtain the trench gate type transistor 1 00C (Fig. 31). 
[0059] In this transistor 1 00C, due to the fact that the 
source S and the drain D having high impurity concen- 
trations are formed at positions shallower than the gate 
G, the source S and the drain D do not face each other 
directly, and also the distance between them is in- 
creased, in addition to which, since the pocket 25, which 
suppresses the extension of the depletion layer, is 
formed immediately below the source S and the drain 
D, the short channel effect can be suppressed further 
than the transistor 1 00 B in Fig. 2A to Fig. 21. 
[0060] In the trench gate type transistor of the present 
invention, by having the thickness of the source and the 
drain recede, the area where the source and the drain 
face the gate can be decreased, and the capacitance 
between the source orthe drain and the gate may there- 
by be decreased, and an increase in the speed of oper- 
ation can be achieved. For example, as shown in Fig. 
4A to Fig. 4J, with the structure of the trench gate type 
transistor 100A shown in Fig. 1A to Fig. 1H, a trench 
gate type transistor 1 00D, in which the area where the 
source and the drain face the gate is reduced, can be 
obtained. 

[0061] Specifically, first, as in the trench gate type 
transistor 100A in Fig. 1 A to Fig. 1H, a first trench 20 is 
formed In an impurity layer 9 formed in a substrate 1 
(Fig. 4A to Fig. 4C), and a side wall 21 is formed on a 
side wall thereof (Fig. 4D). However, in the present em- 
bodiment, to differentiate the selectivity of etching of 
both the side wall 21 and an interiayer insulating film 1 1 , 
the interiayer insulating film 1 1 , for example, is formed 
with Si 3 N 4 , and the side wall 21 is formed with Si0 2 . 
[0062] Next, with the side wall 21 as a mask, a second 
trench 22 is formed (Fig. 4E), a gate insulating film 5 is 
formed (Fig. 4F), a metal 13 Is embedded in the trench 
to form a gate G (Fig. 4G), and then, by performing se- 
lective etching, only the interiayer insulating film 1 1 com- 
prising Si 3 N 4 is selectively removed (Fig. 4H(1)). Nor- 
mal Si etching is performed on the source S and the 
drain D exposed by the selective etching of the interiayer 
insulating film 11 , and the thicknesses of the source S 
and the drain D are made to recede to a thickness at 
which low resistances thereof are not impaired, for ex- 
ample, to 50 nm at 200 ohms/square or below. 
[0063] In order to prevent adverse effect on the gate 
G by the selective etching of the interiayer insulating film 
11 , it is desirable that the gate G be covered on top with 
a mask before the selective etching is performed, in ad- 
dition, after the gate G is formed as shown in Fig. 4G, it 
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is effective, as shown in Fig. 4H(2), to have the interiayer 
insulating film 11 recede, the side wall 21 , and the gate 
G to the height of the element separators 2 through CMP 
or the like, and to sufficiently secure a space between 

5 the source S or the drain D and the gate G. On the 
source S and the drain D exposed by CMP or the like is 
performed normal SI etching as described above, and 
the thicknesses of the source S and the drain D are 
made to recede to a thickness at which the low resist- 

10 ances thereof are not impaired, for example, to 50 nm 
at 200 ohms/square or below (Fig. 41). 
[0064] Then, an interiayer insulating film 11b is again 
formed, lead electrodes 1 4 of the source S and the drain 
D are formed therein , and the trench gate type transistor 

15 100D is obtained (Fig. 4J). 

[0065] A thickness h2 of the source S and the drain D 
of the transistor 100D thus obtained is thinner than a 
thickness h 1 of the source S and the drain D of the tran- 
sistor 100A in Fig. 1 A to Fig. 1H. Therefore, the capac- 

20 itance between the source or the drain and the gate can 
be reduced to an approximately equivalent level as that 
of the conventional transistor 1 00X in Fig. 8A to Fig. 81 
in which the source and the drain do not face each other 
at the sides of the gate. 

25 [0066] The reduction in capacitance between the 
source orthe drain and the gate by having the thickness- 
es of the source and the drain recede in this manner can 
likewise be applied to each of the trench gate type tran- 
sistors 100B and 100C shown in Fig. 2A to Fig. 21 and 

30 Fig. 3A to Fig. 31. Specifically, when it is applied to the 
transistor 100B shown in Fig. 2A to Fig. 21, after the met- 
al 13 is embedded in the trench to form the gate G as 
shown in Fig. 2H (Fig. 5A), as shown in Fig. 5B, the in- 
teriayer insulating film 11 , the side wall 21 and the gate 

35 G are made to recede to the height of the element sep- 
arators 2 through CMP or the like beforehand, the thick- 
nesses of the source S and the drain D are made to re- 
cede by further performing Si etching (Fig. 5C), the in- 
teriayer insulating film 11b is formed thereon, and lead 

40 electrodes 14 are formed therein, thereby obtaining a 
transistor 100E (Fig. 5D). 

[0067] In addition, with the structure of the trench gate 
type transistor 100C shown in Fig. 3A to Fig. 31, too, a 
trench gate type transistor 100F shown in Fig. 6 is ob- 

45 tained by making the thicknesses of the source and the 
gate recede in a similar manner. 
[0066] Fig. 7A to Fig. 7J are explanatory views of the 
manufacturing steps for a trench gate type transistor 
100G in an embodiment in which the resistances of a 

so source and a drain are reduced further than the trench 
gate type transistors in the aforementioned embodi- 
ments. In this embodiment, first, like the trench gate type 
transistor 1 00D shown in Fig. 4 A to Fig. 4J, an interiayer 
insulating film 11 comprising Si 3 N 4 is formed, a first 

55 trench 20 penetrating therethrough is formed (Fig. 7A to 
Fig. 7C), a side wall 21 is formed on the side wall of the 
first trench 20, and with that as a mask, a second trench 
22 is formed (Fig. 70). 
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[0069] Next, a sacrificial oxide film 27 is formed in a 
substrate 1 exposed at the bottom surface of the second 
trench 22 with, for example, thermal oxidation at 950°C 
for approximately 10 minutes (Fig. 7E). 
[0070] Then , the interlayer insulating film 1 1 compris- 5 
ing Si 3 N 4 is removed through selective etching to ex- 
pose the surfaces of the source S and the drain D (Fig. 
7F), and Si etching is further performed to reduce the 
thicknesses of the source S and the drain D (Fig. 7G). 
[0071] On the source S and the drain D whose thick- 
nesses are thus reduced, a metal such as Co or Ti is 
deposited, and a silicide 28 such as Co or Ti is formed 
through a normal silicide method (Fig. 7H). 
[0072] Next, the sacrificial oxide film 27 is removed, 
and as a gate insulating film 5, either a high quality oxide 
film is formed through CVD orthe like or a high dielectric 
constant insulating film of Al 2 0 3 orthe like is deposited. 
Thereafter, as in the aforementioned embodiments, the 
trench on the gate insulating film 5 is filled with a two- 
layered structure of polysilicon and tungsten silicide or 
a metal 13 is embedded to form a gate G (Fig. 71). An 
interlayer insulating film 1 1 b is formed thereon and lead 
electrodes 1 4 are formed therein to obtain the transistor 
100G (Fig. 7J). 

[0073] By forming the silicide such as Co or TI on the 
thinly formed source S and the drain D, a high perform- 
ance transistor in which the resistances of the source 
and the drain are reduced can be formed. It should be 
noted that, as the metal for forming the silicide on the 
source S and the drain D, any that can be formed as a 
thin film with low resistance and does not bring about 
leakage would suffice, and it is not limited to Co or 71. 
[0074] In addition, in contrast to the fact that in the 
embodiments shown in Fig. 4 to Fig. 4J, and Fig, 5A to 
Fig. 5D, the source S and the drain D are made to recede 
after the formation of the gate, in the embodiment shown 
in Fig. 7A to Fig. 7J, the source S and the drain D are 
made to recede after the provision of the sacrificial oxide 
film 27 (Fig. 7E) and before the formation of the gate G 
(Fig. 71). However, in the present invention, the receding 
of the source S and the drain D may be made to recede 
by either mode. 

[0075] The present invention can take various modes 
other than these. For example, while in the examples 
above, a manufacturing method for n-type MOS or MIS 
transistors have been described, by reversing the con- 
ductivity type of the substrate and the impurities, it can 
likewise be applied to a p-type transistor. 
[0076] The metal used as the composition materia! for 
the gate or the high dielectric constant insulating film 
used as the gate insulating film is also not limited to the 
aforementioned examples. It is possible to select a met- 
al with an appropriate work function or a high dielectric 
constant insulating material with an appropriate band 
gap which is a stable material with good moldability as 
deemed appropriate. 

[0077] The thicknesses of the various films, the impu- 
rity concentrations, the depths of the impurity layers and 
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the like, too, are not limited to the aforementioned ex- 
amples, and can be optimized in accordance with the 
gate length, V m , the current driving capability of the tran- 
sistor to be formed, and other desired characteristics. 
[0078] According to the trench gate type field effect 
transistor of the present invention, since the gate is 
formed to protrude between the source and the drain 
into which impurities are introduced at a high concen- 
tration, the source does not face the drain, and the dis- 
tance between the source and the drain can be secured 
largely as compared with conventional trench gate type 
transistors. Therefore, the short channel effect can be 
suppressed effectively. 

[0079] Also, as compared with conventional trench 
gate type transistors in which the insulating film between 
the source or the drain and the gate is a gate insulating 
film alone with a thickness of approximately 3 nm, be- 
cause the side wall comprising the relatively thick insu- 
lating film is provided, it is possible to reduce the capac- 
itance between the source or the drain and the gate to 
approximately one-tenth or less. 
[0080] In addition, according to the manufacturing 
method for the trench gate type field effect transistor of 
the present invention, the formation of the gate insulat- 
ing film and the gate can be performed after the thermal 
process for forming the source and the drain. Thus, a 
high dielectric constant insulating film can be employed 
as the material of the gate insulating film, and direct tun- 
nel currents can be prevented, while at the same time, 
degradation of transistor performance due to depletion 
in the gate can be prevented since it also becomes pos- 
sible to form the gate with a metal. 
[0081] In addition, since the width of the second 
trench, which defines the gate length in the present in- 
vention, is shorter than the width of the first trench de- 
fined by the lithography resolving power, miniaturization 
of the transistor can be advanced more than the design 
rules defined by the lithography resolving power. 
[0082] In particular, in the present invention, accord- 
ing to the mode in which the thicknesses of the source 
and the drain are made to recede, because the silicide 
can be formed on the source and the drain without in- 
creasing the area at which the source or the drain faces 
the gate, it is possible to simultaneously achieve a re- 
duction in the capacitance between the source or the 
drain and the gate as well as a reduction in the resist- 
ances of the source and the drain. 
[0083] In addition, according to the trench gate type 
field effect transistor of the present invention, as com- 
pared with conventional damascene gate transistors, 
manufacturing with fewer steps is possible, and a reduc- 
tion in manufacturing costs can also be achieved. 



1. A trench gate type field effect transistor, comprising: 
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a side wall made of an insulating material and 
formed on a side wall of a first trench formed in 
a semiconductor substrate having an impurity 
layer; 

a gat insulating film provided on a bottom sur- 
face of a second trench formed in a bottom sur- 
face of the first trench; 

a gate formed so as to fill the first trench and 
the second trench; and 

a source and a drain formed of said impurity 
layer and which face the gate via the side wall. 

2. The trench gate type field effect transistor according 
to claim 1, wherein an extended source or an ex- 
tended drain formed of a second impurity layer into 
which impurity is introduced at a concentration low- 
er than the impurity layer forming the source or the 
drain is provided between the source or the drain 
and the gate insulating film. 

3. The trench gate type field effect transistor according 
to claim 1 or 2, wherein an opposite conductivity 
type impurity layer of a conductivity type opposite 
to the impurity layer forming the source or the drain 
is formed immediately below the source or the 
drain. 

4. Thetrench gatetypefield effect transistor according 
to any one of claims 1 to 3, wherein a silicide is de- 
posited on the impurity layer forming the source or 
the drain. 

5. A method of manufacturing a trench gate type field 
effect transistor characterized in that: 

an impurity layer which is to be a source or a 
drain in a semiconductor substrate is formed; 
a first trench is formed in said semiconductor 
substrate; 

a side wall made of an insulating material is 
formed on a side wall of the first trench; 
a second trench is formed in a bottom surface 
of the first trench with the side wall as a mask; 
a gate Insulating film is formed on a bottom sur- 
face of the second trench; and 
a gate is formed so as to fill the second trench 
and the first trench. 

6. The method of manufacturing a trench gate type 
field effect transistor according to claim 5, wherein 
the first trench is formed at a depth shallower than 
an end of a profile of the impurity layer, and the sec- 
ond trench is formed at a depth at the end of the 
profile of the impurity layer or a depth deeper than 
the end. 

7. The method of manufacturing a trench gate type 
field effect transistor according to claim 5 or 6, 



wherein, after the first trench is formed, a second 
impurity layer of the same conductivity type as said 
impurity layer is formed in a section of the substrate 
deeper than said impurity layer with an impurity of 
5 a lower concentration than said impurity layer, and 
the second trench is formed in the second impurity 
layer. 

8. The method of manufacturing a trench gate type 
10 field effect transistor according to claim 7, wherein 

an opposite conductivity type impurity layer of a 
conductivity type opposite to said impurity layer is 
formed in a section of the substrate deeper than 
said impurity layer, and the first trench is formed 
15 thereafter. 

9. The method of manufacturing a trench gate type 
field effect transistor according to any one of claims 
5 to 8, wherein the thickness of the impurity layer 

20 which is to be a source or a drain is made to recede 
after the gate is formed. 

10. The method of manufacturing a trench gate type 
field effect transistor according to any one of claims 

25 5 to 8, wherein the thickness of the impurity layer 
which is to be a source or a drain is made to recede 
after the second trench is formed, before the gate 
is formed. 

30 11. The method of manufacturing a trench gate type 
field effect transistor according to claim 9 or 10, 
wherein a silicide is deposited on the source or the 
drain. 

35 12. The method of manufacturing a trench gate type 
field effect transistor according to claim 1 0, wherein 

after forming the second trench, a sacrificial ox- 
ide film is formed on the bottom surface of the 

40 second trench before the thickness of the im- 

purity layer which Is to be the source or the 
drain is made to recede, 
a thermal treatment for activating the impurity 
in the Impurity layer is performed, 

45 the thickness of the impurity layer which is to 

be the source or the drain is made to recede, 
and 

the sacrificial oxide film is then removed and 
the gate is formed. 

50 



55 



9 



EP 1 326 280 A1 




10 



EP 1 326 280 A1 




11 



EP 1 326 280 A1 



•3A 

LjJJijJ 




mil 







lis % 


i 




53-35 








V 



.3C 
111111 









SHI 

rata 















24 9 




.3E 



1 1 1 1 llv 




Fig.3F 




Fig.3G 




Fig.3H 13 




Fig.3I 




3 0 PC 



12 



EP1 326 280 A1 




1 OOP 



13 



EP 1 326 280 A1 




Fig.5C 




Fig.5D 




7 a 7b 
1001 



14 



EP 1326 280 A1 




100F 



Fig. 6 



15 



EP 1 326 280 A1 




16 



EP 1 326 280 A1 




* 



EP 1 326 280 A1 




18 



EP 1 326 280 A1 



.10A 




10B 
llllil 









m 





















IOC 

jinn 









SPSS 



























.10D 




Fig.lOE 




Fig.lOF 




Fig.lOG 




100Y 



19 



EP 1 326 280 A1 



G 




Fig. 11 



20 



EP 1 326 280 A1 



INTERNATIONAL SEARCH REPORT 


International application No. 




PCT/JP02/04723 


A. CLASSIFICATION OF SUBJECT MATTER 




Int. CI 7 H01L29/78, H01L21/336 





According to International Patent Classification (IPC) or to both national classification and IPC 
B. FIELDS SEARCHED 

Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H01L29/78, H01L21/336 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shinan Kbho 1922-1996 Toroku Jitsuyo Shinan Kbho 1994-2002 

KbJcai Jitsuyo Shinan Kbho 1971-2002 Jitsuyo Shinan Toroku Kbho 1996-2002 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 




JP 2-192168 A (Hitachi, Ltd.), 






27 July, 1990 (27.07.90), 




X 


Full text; Figs. 9 to 12 (Family: none) 


1,2,5,7 


Y 


Full text; Figs. 9 to 12 


3,4,8 


A 


Full text; Figs, 9 to 12 


9-12 




JP 1-194362 A (Oki Electric Industry Co., Ltd.), 






04 August, 1989 (04.08.89), 




X 


Full text; Figs. 1, 4, 5 (Family: none) 


1,5,6 


Y 


Full text; Figs. 1, 4 r 5 (Family: none) 


3,4 




JP 63-197375 A (Matsushita Electric Industrial 






Co., Ltd.), 






16 August, 1988 (16.08.88), 




X 


Full text; Fig. 4 (Family: none) 


1,2,5 


Y 


Full text; Fig. 4 


3,4 



xT| Further documents axe listed in the continuation oF Box C. JT~\ See patent family annex . 



• Special categories of cited documents: T Inter document published afier the international filing date or 

"A* document defining the genual state of the art wliicfl is not priority date and not in conflict with the application but dted Co 

considered to be of particular relevance undeatand the principle or theory underlying the invention 

°E? earlier document but published on or after the international filing "X" document of particular relevance; the claimed invention cannot be 

date considered novel ox cannot be considered to involve an Inventive 

"L" document which may throw doubts on priority claimfa) or which is step when the document is taken alone 

cited to establish the publication data of another citation or other T document of particular relevance; the claimed invention canno t be 

special reason (as specified) considered to involve an inventive step when the document is 

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such 

cicans combination being obvious to a person sldOed in the art 

"P" document publislied prior to the international filing dale but later a &" document member of the same patent family 

than the priority date claimed 



Dale of the actual completion of the international search 
12 August, 2002 (12.08.02) 


Date of mailing of the international search report 
27 August, 2002 (27.08.02) 


Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 


Authorized officer 
Telephone No. 



Form PCT/ISA/210 (second sheet) (July 1998) 



21 



EP 1 326 280 A1 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/JP02/04723 



C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



US 5998835 A (INTERNATIONAL BUSINESS MACHINES 
CORP.), 

07 December, 1999 (07.12-99), 



Full text; Figs. 11 to 14, 
Full text; Figs. 11 to 14, 
& JP 11-274478 A 
Full text; Figs 
& KR 99072292 A 



19 
19 



1/5 
3,4 



11 to 14, 19 

& TW 417305 A 



JP 5-102480 A (Oki Electric Industry Co., Ltd.)* 
23 April, 1993 (23.04.93), 
Full text; Figs. 1, 2 
(Family: none) 

US 5994736 A (UNITED MICROELECTRONICS CORP.), 

30 November, 1999 (30.11.99), 

Full text; Fig. 1 

& JP 11-154749 A 

Full text; Figs. 1 to 4 



3,8 



Form PCT/ISA/210 (continuation of second sheet) (July 1998) 



22 



